Control of pellicle biogenesis involves the diguanylate cyclases PdgA and PdgB, the c-di-GMP binding protein MxdA and the chemotaxis response regulator CheY3 in Shewanella oneidensis.
Shewanella oneidensis is an aquatic proteobacterium with remarkable respiratory and chemotactic abilities. It is also capable of forming biofilms either associated to surfaces (SSA-biofilm) or at the air-liquid interface (pellicle). We have previously shown that pellicle biogenesis in S. oneidensis requires the flagellum and the chemotaxis regulatory system including CheA3 kinase and CheY3 response regulator. Here we searched for additional factors involved in pellicle development. Using a multicopy library of S. oneidensis chromosomal fragments, we identified two genes encoding putative diguanylate cyclases (pdgA and pdgB) and allowing pellicle formation in the non-pellicle-forming cheY3-deleted mutant. A mutant deleted of both pdgA and pdgB is affected during pellicle development. By overexpressing phosphodiesterase encoding genes, we confirmed the key role of c-di-GMP in pellicle biogenesis. The mxd operon, previously proposed to encode proteins involved in exopolysaccharide biosynthesis, is also essential for pellicle formation. In addition, we showed that the MxdA protein, containing a degenerate GGDEF motif, binds c-di-GMP and interacts with both CheY3 and PdgA. Therefore, we propose that pellicle biogenesis in S. oneidensis is controlled by a complex pathway that involves the chemotaxis response regulator CheY3, the two putative diguanylate cyclases PdgA and PdgB, and the c-di-GMP binding protein MxdA.